Testicular feminized (Tfm) 
[3H]pregnenolone metabolism by testes of Tfm mice indicated that progesterone, rather than testosterone, was the major steroid produced. Leydig cells were isolated from normal and Tfm mice and from normal mice in which testicular descent was surgically prevented before puberty. As in whole testes, androgen production in response to human chorionic gonadotrophin was severely reduced in Leydig cells from testes of Tfm mice compared with normal or cryptorchid groups. In contrast, progesterone production by Leydig cells from testes of Tfm mice was markedly increased in comparison with other groups. Total steroid production (progesterone plus androstenedione plus testosterone), however, was only 24% of normal in Leydig cells from Tfm mice. The pattern of steroid production by Leydig cells from cryptorchid testes was similar to control, although total steroid production was reduced to about 50% (this was significantly higher than the Tfm group, P<0\m=.\05).The high progesterone/androgen ratio in testes from Tfm mice suggested that 17\g=a\-hydroxylase was depleted in these animals. To confirm this, activity of the four major steroidogenic enzymes associated with the smooth endoplasmic reticulum was measured. Activities (per testis) of 3\g=b\-hydroxysteroiddehydrogenase and 5\g=a\-reductasewere normal in Tfm and cryptorchid mice but, as expected, 17\g=a\-hydroxylaseactivity was only 2\m=.\4%of control and 4\m=.\5%of cryptorchid testes. 17-Ketosteroid reductase activity was markedly reduced in cryptorchid testes (14\m=.\4% of control) but there was a further reduction in testes from Tfm mice to 0\ m=. \ 1% of control. Results show that the Tfm mutation is associated with marked loss of 17\ g=a\ \ x=r eq-\ hydroxylase and 1 7 -k e t o s t e r o i d reductase activities.
INTRODUCTION
Androgen insensitivity, also known as testicular feminization, is an X-linked disorder which arises from a lack of tissue responsiveness to androgen. In rats and mice, XY testicular feminized (Tfm) animals have an external female phenotype with small abdominal testes and no mesonephric or paramesonephric duct derivatives (Bardin, Bullock, Schneider et al. 1970; Lyon & Hawkes, 1970; Goldstein & Wilson, 1972) . The Tfm rat has a very low sensitivity to androgens caused by a single base mutation in the androgen receptor gene which reduces androgenbinding capacity to 10-15% of normal (Yarbrough, Quarmby, Simental et al. 1990 ). In contrast, the Tfm mouse is completely insensitive to androgens (Ohno, 1971; Bardin, Bullock, Sherins et al. 1973) due to a single base deletion in the gene encoding the receptor (Charest, Zhou, Lubahn et al. 1991) . This deletion causes a frameshift mutation which results in prema¬ ture termination of translation and production of a shortened androgen receptor which should lack both DNA-and steroid-binding domains (Charest et (Louis & Fritz, 1979; Adashi & Hsueh, 1981; Verhoeven & Cailleau, 1988) . In normal Leydig cells, androgens act to inhibit steroidogenesis by decreasing synthesis of 17a-hydroxylase (Hales, Sha & Payne, 1987) and this may be a normal homeostatic mechanism within the Leydig cell. Hypogonadal (hpg) mice lack gonadotrophins and their testes do not develop postnatally (Cattanach, Iddon, Charlton et al. 1977) . Treatment of these animals with testosterone has no effect on Leydig cell androgen production (O'Shaughnessy & Sheffield, 1990) , sug¬ gesting that testosterone alone has no trophic effect on Leydig cell function. It is possible, however, that the action of androgen, through its receptor, is required for normal Leydig cell development, and there is evidence from previous studies Goldstein & Wilson, 1972; Blackburn, Chung, Bullock & Bardin, 1973; Goldman & Klingele, 1974) that steroidogenesis is abnormal in Tfm rats and mice.
In this study we (Payne, Downing & Wong, 1980 (Fig. 3b) . Progesterone production, however, was high in cells from Tfm testes and undetectable or only barely detectable in cells from control or cryptorchid testes (Fig. 3a) . Total steroid production (progesterone plus androste¬ nedione plus testosterone) by Leydig cells from (Fig. 3c) . The pattern of steroid production was similar in Leydig cells from control and cryptorchid testes although androgen production and, therefore, total steroid production was significantly reduced in cells from the cryptorchid testes.
Steroidogenic enzyme activity Activity of 3 ß-HSD did not differ significantly between testes from control, cryptorchid and Tfm mice (Table  2 ). In contrast, activity of 17a-hydroxylase was reduced in testes from Tfm mice to only 2-4% of control levels. Activity in cryptorchid testes was also significantly reduced but only by about 50% com¬ pared with control. Cryptorchidism also significantly reduced 17-ketosteroid reducíase activiíy lo aboul 15% of conlrol levels (Table 2 ). In lesles from Tfm mice, activily of Ihis enzyme was reduced furlher lo barely delectable levels (0-1% of control). Activity of 5a-reductase was low in all three groups and no significant difference was apparent.
DISCUSSION
The total insensitivity of the Tfm mouse to receptormediated androgen action (Ohno, 1971; Bardin et al. 1973) makes it an ideal model with which to study the function of androgens in normal development. Leydig cells contain androgen receptors (Verhoeven, 1980; Buzek & Sanborn, 1988) and a role for the hormone in normal Leydig cell development is likely. It has been shown previously that serum LH levels are high in the Tfm mouse but that this is associated with reduced serum testosterone (Goldstein & Wilson, 1972; Amador, Parkening, Beamer et al. 1986 ). Since circulating LH is biologically active in the Tfm mouse this suggested that there is a defect in testicular steroidogenesis. Results from this study show that lack of androgen production by the Tfm testis is due primarily to loss of 17a-hydroxylase activity although other enzymes, particularly 17-ketosteroid reducíase, also appear to be affected by the mulaiion.
Testes in the Tfm mouse are intraabdominal and this condition itself inhibits 17a-hydroxylase activity by about 50%. Il is clear, however, that a different mechanism must be responsible for the further loss of this enzyme in the Tfm mouse. Synthesis of the 17a-hydroxylase enzyme is regulated by receptormediated androgen action (Hales et al. 1987) . While this regulation is negative in the normal adult it is possible that androgen receptor activity is required for synthesis of the 17rx-hydroxylase enzyme during development. Alternatively, Sertoli cells are also known to have androgen receptors and it is already established that follicle-stimulating hormone can indirectly induce Leydig cell activity by its action on Sertoli cells (Kerr & Sharpe, 1985; Teerds, Closset, Rommerts et al. 1989) . It is possible, therefore, that androgen action on the Sertoli cell may be required for normal Leydig cell activity.
It is possible, alternatively, that loss of 17a-hydroxylase activity in the Tfm mouse is only indirectly related to a lack of functional androgen receptors. Testosterone can act to decrease 17a-hydroxylase activity by a receptor-independent mechanism, caus¬ ing oxygen-dependent degradation (Perkins, Hall & Payne, 1988) . This effect, however, is only seen when testosterone is in high concentrations and it is unlikely to be responsible for the decreased 17a-hydroxylase in the Tfm mouse since intratesticular testosterone concentrations are less than normal. Synthesis of 17a-hydroxylase is dependent on LH (Purvis, Canick, Latif et al. 1973; Malaska & Payne, 1984) and it might normally be expected that the combination of abnormally high serum LH and low intratesticu¬ lar testosterone would lead to increased levels of 17a-hydroxylase.
The 17a-hydroxylase gene is located on chromo¬ some 10 in the human (Matteson, Picado-Leonard, Chung et al. 1986 ) and is unlikely, therefore, to be X-linked in the mouse. Loss of 17a-hydroxylase can¬ not, therefore, be explained by a mutation in the gene.
It is possible, however, that there is a secondary mutation in the X chromosome of the Tfm mouse which affects expression of the 17a-hydroxylase gene. This may, for example, be a common transcrip¬ tion factor for both the androgen receptor and 17a-hydroxylase genes.
In addition to loss of 17a-hydroxylase, the testes from Tfm mice are grossly deficient in 17-ketosteroid reductase. A large part of this loss in activity can be explained by the cryptorchid state of the animal but it is clear that there is a further loss associated with the Tfm mutation. Lack of 17-ketosteroid reductase activity in the Tfm mouse has been reported pre¬ viously although the effect of cryptorchidism was not investigated. Studies on the Tfm rat have shown that this animal is also severely depleted in 17-ketosteroid reductase Goldman & Klingele, 1974; Purvis, Clausen & Hansson, 1978 Activity of 3ß-HSD was normal in the Tfm testis and, since Leydig cell number is close to normal in these animals ), this demon¬ strates that this enzyme is largely independent ofandro¬ gen action. Activity of 5a-reductase shows a highly agedependent pattern of activity in the normal rat and mouse with a peak around puberty in both species (Goldman & Klingele, 1974; Chase & Payne, 1983; Sheffield & O'Shaughnessy, 1988) . In the Tfm rat ac¬ tivity remains high in the adult animal (Goldman & Klingele, 1974) The particularly high sensitivity of 17-ketosteroid reductase to cryptorchidism may be related to the delayed development of this enzyme in the normal testis (Payne, Kelch, Murono & Kerlan, 1977) . In the rat, activity of most steroidogenic enzymes increases towards adult levels between 20 and 30 days (Goldman & Klingele, 1974; Payne et al. 1977) , the time of normal testicular descent. Activity of 17-ketosteroid reductase, in contrast, does not rise until after descent is complete. It is possible, therefore, that a scrotal temperature is required for normal development of this enzyme.
We may conclude from the results reported here that the Tfm mutation is associated with severe loss of 17a-hydroxylase and 17-ketosteroid reductase activities. Pregnenolone metabolism to testosterone is normal in newborn Tfm mice (Goldstein & Wilson, 1972) 
